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Abstract 
In the preparatory phase of IPCC AR5 development, Representative Concentration Pathways (RCPs) have been 
constructed by Integrated Assessment Models (IAMs) groups as new forcing scenarios used for climate modeling and 
earth system modeling groups. In the process of RCP 6.0 scenario development, which has been conducted by the 
Asia-Pacific Integrated Model (AIM), we constructed a scenario of spatially explicit long-term aerosol emissions 
from biomass burning and net land-use change CO2 emissions in order to complement energy use and industrial 
emissions scenarios projected by socio-economic component of AIM. 
To estimate the emissions from biomass burning, we incorporate a vegetation fire component into the terrestrial 
biogeochemical process model VISIT (Vegetation Integrative SImulation Tool). For the net land-use change CO2 
emission, we use gridded land-use change transition matrix data developed in the process of downscaling the RCP6.0 
land use scenario for the evaluation of emission from deforestation (primary land and secondary land into cropland, 
pasture, and urban), and also the evaluation of regrowth absorption from abandonment of cropland and pasture. In 
this process, uncertainty of land emissions due to the effect of CO2 concentration and land-use scenario is examined, 
and reveals significant effect of CO2 fertilization effect on vegetation to the land emissions. 
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1. Introduction 
Constructing appropriate trajectories of atmospheric greenhouse gas concentration and aerosol 
emissions is a crucially important factor for reliable simulations of global warming prediction. For more 
intimate collaboration bHWZHHQVRFLRHFRQRPLFUHVHDUFKHUVDQGQDWXUDOVFLHQWLVWVWKHSDUDOOHODSSURDFK
has recently been adopted (Moss et al. [1]). First, conventional trajectories of radiative forcing, assuming 
several stabilization levels, are selected. Second, reasonable trajectories of anthropogenic emissions, 
which are consistent with socioeconomic rules, and atmospheric GHG levels are produced using models: 
i.e., four Representative Concentration Pathways (RCPs). These trajectories are used to drive climate 
models and Earth-system models, to provide preliminary climate change scenarios for impact assessments 
and mitigation analyses. Then, total consistency is recursively examined for every step. Since the 
emission scenario of RCPs requires the whole range of emission sources categories, such as fossil fuel 
and biofuel emission from industry and energy use, agricultural activity, residential and commercial 
activity, and also emissions from land-use change and biomass burning from terrestrial ecosystem in a 
spatially explicit manner (0.5 degree by 0.5 degree grid cell), integrated assessment modeling groups have 
to set up socioeconomic models with terrestrial biogeochemical components to construct the emission 
scenarios.  In the process of the RCP 6.0 scenario development, which has been conducted by the Asia 
Pacific Integrated Model (AIM) group, we developed a model to prepare spatially explicit land emissions 
scenario from biomass burning and land-use change consistent with the socio-economic driver from the 
computational general equilibrium (CGE) model (Fujino et al. [2]).  The schematic view of the RCP 6.0 
scenario development framework is presented in Fig. 1. 
 This study shows the brief model description of the land emission component of RCP 6.0 scenario, 
and the resulting scenario of biomass burning and land-use change for the 21st century estimated by the 
process-based terrestrial ecosystem model.  
Fig. 1. A schematic representation of the RCP 6.0 scenario development framework by Asia Pacific Integrated Model (AIM).  Each 
component of model used in RCP 6.0 development is represented by a rounded box. 
2. Method 
2.1. Vegetation model description and forcing data 
A process-based model of the terrestrial ecosystem, Vegetation Integrative SImulator for Trace gases 
(VISIT), is adopted in this study.  The model is the successor of terrestrial carbon cycle model Sim-
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CYCLE (Ito and Oikawa [3]), and evaluates biogeochemical cycles of carbon and nitrogen explicitly (Ito 
[4]).  Model simulations in this study are conducted with two separate time sequences; one is for the 20th 
century (1901-2000) as validating historical and base year emissions, and the other is for the 21st century 
run to produce the land emissions scenario after the historical validation.  The spatial resolution used in 
the simulations is half degree grid cells globally, and the time resolution is one month. 
  For the climate forcing, temperature, precipitation, cloud cover, and vapor pressure from CRU TS2.1 
data (Mitchell and Jones [5]) is used in the historical run.  For the scenario run, since RCPs scenarios 
need to eliminate climate feedback in the emission data, the average climatology data for 1991-2000 of 
CRU TS2.1 is used in the simulation.  CO2 concentration scenario forced in the 21st century run is 
derived from AIM CGE and simple climate model in the preparation of the RCP 6.0 emissions, which 
stabilizes at 629.5 ppmv by 2100.  As a reference scenario, 21st century run with CO2 concentration 
reaching 779 ppmv by 2100 is also conducted. 
To incorporate the effects of anthropogenic land-use change, historical land use transition dataset for 
&0,3+XUWWHWDO>@RI/8+DBXWYW\SHLVXVHGLQWKHKLVWRULFDOUXQRIWKHWKFHQWXU\,QWKH
GDWDVHW XW W\SH GHQRWHV WKH ODQG XVH GDWD KDYLQJ XUEDQ FDWHJRU\ LQ DGGLWLon to the basic four 
categories; primary land, secondary land, cropland, and pasture, and having an assumption of expansion 
of secondary land started from 1700. For the 21st century scenario run, transition matrix data of land-use 
categories among primary land, secondary land, cropland, pasture, and urban is prepared by land use 
model of RCP 6.0 in the process of downscaling a regional land-use scenario derived from AIM CGE 
model.  As well as the CO2 concentration forcing described above, a reference land-use change scenario 
is also prepared and used for the reference scenario simulation. 
2.2. Burned area calculation and emissions from biomass burning 
Fire season and burned fraction of the grid cells are calculated after Thonicke et al. [7], using fuel load 
and soil moisture estimated by the VISIT model, with calibrating burned fraction for each of the 14 
regions defined in GFEDv2 (van der Warf et al. [8]). In addition, anthropogenic burned area is assigned 
using historical and scenario land-use change transition matrix data, by considering annual deforested 
area of primary land and secondary land, which implicitly includes shifting-cultivation, in tropical to 
temperate regions are assumed to be burned. Emissions of CO2, BC, CH4, CO, N2O, NH3, NMVOC, NOX, 
OC, and SO2 are estimated using combustion completeness after Hoelzemann et al. [9] and emission 
IDFWRUVDIWHUWKHEDVH\HDUGDWDRI5&3VHPLVVLRQGDWDEDVHZKLFKDUHEDVHGRQ*)('YVHPLVVLRQIDFWRU
In the historical validation run, global burnt area for 1997-2000 is estimated as 3.46 ± 0.08 (mean ± 1SD) 
106 km2 by the model and emission of black carbon (BC) by biomass burning in that period is estimated 
as 3.05 ± 0.24 (mean ± 1SD) Tg BC year-1, which is in good agreement with the estimates by GFEDv2 at 
the same period, 3.52 ± 0.16 106 km2 burnt area and 3.08 ± 0.75 Tg BC year-1 emission of BC. 
For the 21st century run to construct RCP emission scenario, soil moisture change caused from CO2 
fertilization effect on plant biomass is excluded in order to remove indirect climate feedback effect in the 
emission scenario.  In addition, two extra experiments, one with fixed CO2 concentration at the year 2000 
level, and the other with scenario CO2 concentration run with the effect of soil moisture change on burnt 
area calculation, are conducted as a sensitivity analysis to see the effect of CO2 fertilization effect on 
biomass burning emission for both RCP 6.0 scenario and reference scenario simulations. 
To harmonize with the base year data at 2000 of the official historical emission dataset for CMIP5 
experiment, bias correction for the gridded model output is conducted to produce the final biomass 
burning emission scenarios. 
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2.3. Net land-use change carbon emission estimate 
To estimate net carbon emission from anthropogenic land-use change, deforested biomass and its 
emission is calculated in VISIT model using land-use transition matrix data among primary land, 
secondary land, cropland, pasture, and urban following a protocol of deforested and production biomass 
decay (McGuire et al. [10]) with taking into account of the CO2 uptake on regrowing secondary land by 
land abandonment of cropland and pasture on each ecosystem type (Houghton et al. [11]).  In the 
historical validation run, VISIT estimates cumulative net land-use change carbon emission for 1901-2000 
as 126.0 Pg C, and mean annual emission in 1990s as 1.14 Pg C yr-1, which is in the range of uncertainty 
(±0.5 Pg C year-1RIWKHHVWLPDWHVE\+RXJKWRQ>@VXSGDWHGQHW ODQG-use change emission by book-
keeping method (116.9 Pg C and 1.57 Pg C yr-1 respectively). 
3. Results and Discussion 
Global BC emission from biomass burning increases up to 3.2 Tg BC yr-1 at 2100 for the RCP 6.0 
scenario run (Fig. 2).  In total, BC emission from grassland fire at 2100 is 1.7 Tg BC yr-1, increased about 
0.2 Tg BC yr-1 from 2005.  For forest fire, the emission at 2100 is 1.5 Tg BC yr-1, increased about 0.4 Tg 
BC yr-1 from 2005, showing a large increase in biomass burning from forested area (Fig. 3). From a 
sensitivity analysis in regards to direct and indirect CO2 fertilization effects on biomass burning emissions, 
the indirect effect has large potential increases in the future biomass burning emissions. 
Fig. 2. Time series of projected global BC emission (Tg BC year-1) from biomass burning. Solid thick line represents RCP 6.0 
scenario run.  
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Fig. 3. Spatial distribution of BC emission (ton BC year-1 per 0.5 degree grid cell) from biomass burning.  Upper panels show 
decadal average at 2000 and lower panels show that of 2100.  Left figures show emissions from grassland fire and right panels show 
emission from forest fire.  
Fig. 4. Global land use change scenarios (a. RCP 6.0 scenario, b: reference scenario) denoting the fraction of primary land, 
secondary land, cropland, pasture, and urban of total land, and c: corresponding net land-use change carbon emissions (Pg C year-1). 
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For the net land-use change carbon emission, emission continues to drop early in the 21st century in 
the both RCP 6.0 and reference runs, showing the continued trend of decline in net land-use emission of 
1990s (Houghton [12]). With RCP 6.0 land-use scenario, shrinkage of pasture area around 2020s and 
2030s causes further decrease in net land-use change carbon emission and leads to negative emission (i.e. 
net absorption of CO2) due to the expansion of secondary recovering land (Fig 4.).  The emission 
increases after that period due to the carbon storage of deforested biomass, and stabilized to 0.18 Pg C 
yr-1 at the end of 21st century in RCP 6.0 scenario run.  
4. Conclusion 
Using CO2 concentration and land-use scenario derived from the socio-economic component of AIM, 
the trace gas emissions from biomass burning and net land-use change carbon emission in the RCP 6.0 
stabilization scenario have been developed in a spatially explicit manner by the process based terrestrial 
ecosystem model VISIT.  Using this model, biogeochemically consistent emissions from terrestrial 
ecosystem can be evaluated along with the scenario of energy use and industrial fossil use, that can be 
used as a consistent forcing data for the climate models in the future climate change projection 
experiments. 
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